Introduction
Kabuki syndrome (KS) is a rare dysmorphic syndrome of unknown cause, characterized by malformations affecting multiple organ systems and mental retardation.
1,2 KS was described for the first time in Japan in 1981 and it is now well recognized worldwide with an estimated incidence of 1 in 32,000 newborns. [1] [2] [3] The most striking feature of an affected child is the facial appearance with eversion of low lateral eyelid, arched eyebrows, long palpebral fissures and prominent ears that is reminiscent of actors' make-up in Kabuki, the traditional Japanese play. 1, 2 Since facial appearance often reflects the developing brain, a relatively high frequency of central nervous system anomalies, such as microcephaly, brachycephaly, cerebellar and brainstem atrophy, subarachnoid cysts and malformations of cortical development can be expected in these patients. [4] [5] [6] Although previous studies have reported epilepsy as one of the most common clinical complications associated with KS, [1] [2] [3] [7] [8] [9] [10] seizure semiology, electroencephalogram (EEG) findings and the natural course of epilepsy in these patients have not yet been fully described. Therefore, the purpose of this clinical series is to analyze the electroclinical aspects and the long-term outcome of 10 Caucasian KS patients with epilepsy.
Clinical series
In all cases the diagnosis of KS was made clinically on the presence of the five cardinal features of syndrome: typical facial appearance; mental retardation of varying degree; postnatal growth deficiency; skeletal anomalies; and prominent finger pads.
1,2,10 All patients were from non-consanguineous Caucasian parents. Age at onset of seizures, ictal seizure semiology, EEG characteristics, brain magnetic resonance imaging (MRI) findings Purposes and methods: Kabuki syndrome (KS) is a rare dysmorphic disorder characterized by multiple congenital anomalies and mental retardation. Although epilepsy is one of the most common clinical complications associated with KS, few studies have evaluated its electroclinical aspects and long-term outcome. Therefore, we describe here a clinical series of 10 Caucasian KS patients who developed epilepsy in childhood. We followed all children for at least 5 years.
Results: All patients presented partial seizures and interictal EEGs revealed focal epileptic paroxysms with prevalent involvement of temporo-occipital areas. Seven children had no central nervous system abnormalities, but enlargement of lateral ventricles, corpus callosum hypoplasia, and adenohypophysis hypoplasia were revealed in three. Although antiepileptic drug (AED) treatment was effective in controlling seizures and normalizing EEG abnormalities in 8 patients, the other 2 cases were resistant to multiple AEDs. In one of these two patients, withdrawal of AED resulted in status epilepticus and death. Conclusions: Partial seizures and temporo-occipital abnormalities on interictal EEG are common features of KS patients who suffer from epilepsy. Prognosis of this epilepsy is favourable in the majority of cases with complete disappearance of seizures and EEG abnormalities. ß 2011 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
and antiepileptic drug (AED) therapy were analyzed for each case. A close electroclinical follow-up was made for at least 5 years and outcomes were reported. The relevant patient data are summarized in Table 1 . Written informed consent was obtained from parents or guardians of all recruited subjects.
Patient 1
This 11.2-year-old boy (Fig. 1a) was born by caesarean section after an uneventful pregnancy. His family history resulted negative for epilepsy or neurological diseases. At the age of 5.5 years, he experienced critical events characterized by behavioral arrest, upward eye rolling and clonic movements of superior limbs. The duration of these seizures ranged from 1 min to 2 min. Neurological examination was normal. The interictal EEG showed occasional spikes on the right temporo-occipital areas with slight spread to the left hemisphere, especially during sleep recording (Fig. 2 ). Brain MRI revealed callosal hypoplasia. Valproic acid (VPA) monotherapy was started and seizures were completely controlled. Over the following years, consecutive EEGs revealed favourable evaluation and, at present, his EEG is normal and he remains seizure-free without therapy.
Patient 2
This 12.4-year-old girl (Fig. 1b ) was born at term by natural vaginal delivery without asphyxia. There was no family history of epilepsy. From the age of 3.0 years, she had paroxysmal episodes characterized by sucking and chewing movements with unconsciousness for 2-3 min. Neurological examination was normal. Interictal EEG detected bilateral spike-wave complexes in temporo-occipital areas. MRI showed adenohypophysis hypoplasia with findings of ''empty sella''. The patient was treated with carbamazepine (CBZ) and CBZ monotherapy was rapidly effective, controlling seizures for 3 years. Therefore, treatment was discontinued. Currently, awake EEG is normal and the girl is still seizure-free.
Patient 3
This 8.3-year-old girl was born after full-term pregnancy, complicated by a risk of abortion at 20 weeks of gestation. Her mother was healthy, but her father had febrile seizures in his childhood. At the age of 3.2 years, she presented seizures, characterized by speech arrest, impairment of consciousness and motor automatisms lasting about 1 min. She also had many secondary generalized tonic-clonic seizures. Interictal EEG detected short discharges of sharp waves in both fronto-temporal regions. Neurological examination and MRI showed no abnormality. Treatment with VPA was undertaken and seizures were well controlled. Electroclinical evolution was benign and after 2.5 years VPA was gradually stopped. Presently, she has no seizures and no EEG epileptiform activity was noted.
Patient 4
This 10.6-year-old boy was born at term without any obvious problems. No family history of epilepsy or neurological disease was noted. At the age of 5.3 years, he began to experience episodes of abrupt loss of awareness with vocalization and clonic movements of the left foot lasting 1-2 min. Interictal EEG showed spike-wave complexes in the fronto-temporal areas of the right hemisphere. Neurological examination was normal. MRI described mild enlargement of lateral ventricles. VPA treatment was started. During follow-up, he did not present any seizures, but a recent EEG revealed occasional paroxysmal spikes in the fronto-temporo areas. The boy is still under treatment with VPA.
Patient 5
This 9.1-year-old girl was born at term after an uneventful pregnancy and delivery. No family history of epilepsy and febrile seizures was noted. At the age of 3.4 years, she presented critical events, lasting 1-2 min, characterized by clonic movements of the right eyelid and of the right superior and inferior limbs, with altered state of consciousness. Interictal EEG showed occasional temporo-occipital spike-wave complexes in the left hemisphere. Neurological examination and MRI were normal. The girl has been treated with VPA: during the follow-up period, she presented one seizure characterized by loss of muscle tone with clonic right limbs movements for 30 s. Therefore, the VPA dose was increased and definitive and complete remission of seizures was reached. At the last evaluation there were no EEG abnormalities and the patient continued VPA treatment.
Patient 6
This 9.7-year-old boy was born full-term. Pregnancy and delivery were unremarkable. There was also no family history of neurological diseases or epileptic seizures. At the age of 4.3 years, the patient presented episodes lasting for about 5 min, characterized by erratic eye movements, hypotonia and intermittent abnormal tonic posturing of the feet and hands. Interictal EEG showed frequent spike-wave complexes in both temporo-occipital areas, enhanced by sleep (Fig. 3) . Neurological examination was normal. MRI did not show structural lesions. Treatment with VPA was started and a significant clinical improvement was achieved. During follow-up EEGs revealed favourable evolution. VPA was discontinued at 8.3 years. At the most recent clinical evaluation, the patient is still seizure-free.
Patient 7
This 11.8-year-old girl was born after a full-term pregnancy complicated by a risk of abortion at 30 weeks of gestation. Her mother had typical absences during childhood. At 6.4 years, the patient began paroxysmal attacks lasting 1-5 min, characterized by impairment of consciousness, loss of tone and jerks of both legs. Interictal EEG showed temporo-occipital spike-wave complexes bilaterally. Neurological examination was normal. MRI did not show any abnormalities. She was treated with VPA and, after 3 months from the beginning of therapy, seizures disappeared completely. Follow-up EEGs revealed favourable evolution and the girl continued to be seizure-free. Therefore, after 2 years of VPA therapy, the patient stopped the treatment and, currently, she is still seizure-free. 
Patient 8
This proband was born at term after an uneventful pregnancy. No delivery problems and family history of epilepsy were reported. At age 4.0 months, he presented clusters of epileptic spasms. Interictal EEG showed diffuse hypsarrhythmia. MRI and neurological examination were normal. He was successfully treated with synthetic ACTH with complete remission of spasms and disappearance of EEG abnormalities. At 4 years of age, he experienced numerous partial seizures. Interictal EEG presented polyspikes in both temporo-occipital lobes. He was given VPA, CBZ and Vigabatrin with poor electroclinical response. During follow-up, when the boy was 9.2 years old, it was necessary to stop AED therapy to perform a surgical intervention. Unfortunately, withdrawal of AED resulted in a status epilepticus with consequent death of patient.
Patient 9
This 9.0-year-old boy was born at term after an uneventful pregnancy. Birth parameters were unremarkable. His family history of febrile seizures or epilepsy was negative. At 3.7 years, he had seizures, described as clonic movements of arms, nodding of the head, rolling of the eyes, hypotonia, and impaired consciousness. Interictal EEG was characterized by spike-wave complexes in left temporo-occipital region. MRI was normal. CBZ monotherapy appeared ineffective in stopping seizures and was therefore discontinued. At the age of 4.1 years, he remained seizure-free on a combination of VPA and levetiracetam. Follow-up EEGs showed no epileptiform discharges and, presently, seizures are controlled by AED treatment.
Patient 10
This 11.8-year-old boy was born at full-term after an uneventful pregnancy and delivery. Family history did not include any neurological or epileptic disorders. Since the age of 5.0 years, he had experienced episodes with clonic movements of facial muscles, dystonic posturing of left upper extremity and impairment of consciousness that lasted 1-2 min. Interictal EEG showed sharp waves discharges in right temporo-occipital region.
Neurological examination and MRI were normal. Several AED trials were ineffective in controlling seizures until 7.9 years, when a good response was obtained by the combination of VPA, CBZ and topiramate. Subsequently, after 2 years, he relapsed with brief partial seizures and EEG paroxysmal abnormalities were noted at the last clinical evaluation.
Discussion
The Caucasian KS patients reported here suffered from partial seizures, characterized by focal motor manifestations with or without impairment of consciousness. Interictal EEGs showed focal epileptic paroxysms localised on the temporo-occipital area in eight cases, and on the fronto-temporal area in two. Seven patients had no nervous central system abnormalities, but enlargement of lateral ventricles, corpus callosum hypoplasia, and adenohypophysis hypoplasia were revealed in 3 children. Although AED treatment was efficacy in controlling seizures and normalizing EEG abnormalities in 8 patients (three of them still under therapy), the remaining 2 cases appeared resistant to multiple AEDs. In one of these two patients, the withdrawal of AED resulted in status epilepticus and death. There was no difference in clinical phenotype, seizure semeiology and interictal EEG between patients resistant to AED treatment and those who responded to anticonvulsant therapy.
In previous reports, the incidence of seizures in KS patients appeared to be high. 16 analyzed the electroclinical features of epilepsy in eight KS patients who presented interictal EEG focal anomalies with more frequent fronto-central origin. Natural course of epilepsy was good. Frequency of the seizures decreased with age and five patients became seizure-free in the juvenile period. According to these authors, this epileptic pattern was similar to that observed in focal idiopathic epilepsy with centrotemporal spikes and in some genetic syndromes, such as Fragile X syndrome. We agree with this conclusion because the majority of KS cases had a benign evaluation, with a minority of patients developing epilepsy resistant to multiple AEDs.
In conclusion, our experience suggests that partial seizures and focal abnormalities mainly on temporo-occipital areas are common features observed in KS patients with epilepsy. Electroclinical outcome of this type of epilepsy is generally favourable.
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